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Mathematical modeling and simulations are seen as vital methodologies to predict the
thermal performance optimization of thermal systems. Solar air heater roughened with
20° angled rib is simulated using an algorithm developed in MATLAB to predict the op-
timal set of design and operating parameters. Correlations developed using second order
polynomial are used for simulations. In the entire range of flow rates, the thermal effi-
ciency of the roughened solar air heater is higher as compared to smooth duct. In fixed
value of solar insolation, thermal efficiency increases with the increase in mass flow rate
while effective efficiency decreases. The effective efficiency of the system increases with
an addition in the number of glass covers and width of the duct. Thermal and effective
efficiency increases with the increase in solar insolation. An increase in velocity increases
the convective heat transfer coefficient of air, which reduces the useful heat gain by in-
creasing the top losses which in turn affects the increase in effective efficiency for the rise
in velocity in the solar air heater. The effect of mass flow rate, the number of glass covers,
heat flux, velocity and variation in width of duct on thermal and effective efficiencies of
roughened solar air heater are presented in the form of plots in the present study.
& 2016 Published by Elsevier Ltd.1. Introduction
A solar air heater is a thermal system which is used to convert solar energy into thermal energy. A wider application of
solar air heater involves drying of agricultural and marine products, space heating and heating of buildings to maintain
comfort in the winter season. Solar fish dryers are very useful for small fisherman groups. It has been noted that the
performance efficiency of solar air heater is very low because of low convective heat transfer coefficient between absorber
plate and flowing working fluid (air). The presence of a laminar viscous sub layer is the possible cause for low convective
heat transfer coefficient. The resistance to heat transfer arises due to this laminar viscous sub layer is eliminated by pro-
viding artificial roughness on the underside of the absorber plate. Many researchers investigated the effect of various
roughness geometries on heat transfer and friction characteristics in the solar air heater. The researchers have also de-
veloped mathematical algorithms as an analytical tool to simulate solar thermal systems and to optimize the thermal
performance of solar air heater. The optimization technique helps to predict an optimized set of designs and operating
parameters. Ahmad et.al. [1] experimentally investigated the effect of system and operating parameters, viz. geometry ofawande).
Nomenclature
D Equivalent or hydraulic diameter of duct, mm.
Ap Surface area of the absorber plate, m2.
C Conversion factor.
e Rib height, mm.
F0 Heat removal factor.
Fp Collector efficiency factor.
G Mass velocity of air, kg s1 m2.
h Heat transfer coefficient, W m2 K1.
hw Convective heat transfer coefficient of wind,
Wm2 K1.
W Height of the duct, mm.
I Solar insolation, W m2.
K Thermal conductivity of air, W m1 K1.
Ki Thermal conductivity of insulation,
W m1 K1.
m Mass flow rate, kg s1.
A0 Cross section area of orifice, m2.
W Width of the duct, mm.
ΔP0 Pressure drop across orifice meter, N m2.
ΔPd Pressure drop across duct test section, N m2.
Cp Specific Heat of air, J kg1 K1.
L1 Inlet length of duct, mm.
L2 Test length of the duct, mm.
L3 Outlet length of duct, mm.
P Pitch, mm.
U Mean airflow velocity in the duct, m s1.
Cd Coefficient of discharge for orifice meter.
u Air flow velocity in x direction, m s1.
υ Air flow velocity in y direction, m s1.
T Air temperature, K.
Δh0 Difference in levels of U-tube manometer, m.
To Outlet temperature of air, K.
Ti Inlet temperature of air, K.
Tp Mean temperature of absorber plate, K.
Qu Useful heat gain, W.
Tp Average plate temperature, K.
Tf Average air temperature, K.
N Number of glass covers.
L Length of the test section.
ΔT Bulk mean temperature of flowing fluid, K.
ΔT/I Temperature rise parameter, m2 KW1.
UL Overall heat loss coefficient, W m2 K1.
Ut Top loss coefficient, W m2 K1.
Ub Bottom loss coefficient, W m2 K1.
Ue Edge loss coefficient, W m2 K1.
Dimensionless parameters
e/D Relative roughness height.
f Friction factor.
fr Friction factor for rough surface.
fs Friction factor for smooth surface.
Nu Nusselt number.
Nur Nusselt number of rough surfaces.
Nus Nusselt number of smooth surfaces.
Pr Prandtl number.
P/e Relative roughness pitch.
Re Reynolds number.
W/H Duct aspect ratio.
I Turbulence intensity,.
Greek symbols
μ Dynamic viscosity, N s m2.
ρ Density of air, kg m3.
ρm Density of manometer fluid, kg m3.
k Turbulent kinetic energy, m2 s2.
β Ratio of orifice diameter to pipe diameter.
υ Kinematic viscosity, m2 s1.
θ Tilt angle of manometer, degree.
K Thermal diffusivity, m2 s1.
α Chamfer angle.
εp Emittance of plate.
εg Emittance of glass cover.
ηth Thermal efficiency.
ηeff Effective efficiency.
ηTr Transmission efficiency.
ηm Motor efficiency.
ηf Pump efficiency.
τα Transmittance absorbtance product of glass
cover.
Subscripts
THPP Thermo hydraulic performance parameter.
r Roughened.
s Smooth.
CFD Computational Fluid Dynamics.
V.B. Gawande et al. / Case Studies in Thermal Engineering 8 (2016) 19–3120wire screen matrices, insolation, inlet temperatures and mass flow rates on thermohydraulic performance characteristics of
packed bed solar air heaters. Their study reported that relatively higher enhancement in the thermohydraulic efficiency has
been found corresponding to higher values of temperature rise parameter. They suggested that it would be advantageous to
use packed bed solar air heater when higher grade energy is required even when the insolation is relatively low. The effect
of roughness and operating parameters on the thermal as well as the hydraulic performance of roughened solar air heaters
was discussed and the thermohydraulic performance of roughened solar air heaters was compared with that of conven-
tional smooth solar air heaters by Gupta et. al. [2]. Their study found that the systems operating in a specified range of
Reynolds number shows better thermohydraulic performance depending upon the insolation. Thermohydraulic investiga-
tions on a packed bed solar air heater having its duct packed with blackened wire screen matrices of different geometrical
parameters (wire diameter and pitch) were carried out by Mittal et. al. [3]. The thermohydraulic performance of a solar air
heater was evaluated using a mathematical model and they reported that packed bed solar air heater is thermohydraulically
V.B. Gawande et al. / Case Studies in Thermal Engineering 8 (2016) 19–31 21efficient than flat plate collectors. A comparison of effective efficiency of solar air heaters having different types of geometry
of roughness elements on the absorber plate was carried out by Mittal et. al. [4]. Correlations for heat transfer and friction
factor developed by various investigators within the investigated range of operating and system parameters were used to
predict the effective efficiency. A stochastic iterative perturbation technique (SIPT) was implemented by Varun et. al. [5] to
obtain the optimized set of different solar air heating system and operating parameters i.e. the number of glass cover plate,
emissivity of the plate, mean plate temperature, rise in temperature, tilt angle and solar radiation intensity for different
Reynolds number. The results obtained were compared with the results obtained from genetic algorithm and random search
global optimization technique for smooth flat plate solar air heater. Chamoli et. al. [6] experimentally investigated the
performance of solar air heaters with V down perforated baffles as roughness on the air flow side of the absorber plate. A
mathematical model was developed to study the effect of ambient conditions, operating and design parameters on effective
efficiency of such solar air heaters. They found that thermal and effective efficiencies differ only marginally at lower flow
rates. The detail review of roughness geometries analyzed using experimental and CFD investigations are reported in au-
thors review papers [7,8]. CFD methodology to investigate roughened solar air heater is explained in author's research
papers [9–12].
In this paper the detailed analysis of a solar air heater is carried out using 20° angled square rib. The author has carried
out the experimental analysis of angled square rib [9] using angle in the range of 0°40°. In all cases investigated, rib having
20° angle found to provide maximum thermo hydraulic performance at minimum pressure drop penalty and hence selected
for further analysis in the present paper. Thermal performance optimization of roughened solar air heater is carried out
using MATLAB code. The main aim of this study is to evaluate the effect of mass flow rate, the number of glass covers, heat
flux, velocity and variation in width of duct on thermal and effective efficiencies of the roughened solar air heater.2. Experimental set up
The schematic representation of experimental set up to study the effect of 20° angled square rib and test section
mounted on the absorber plate of solar air heater duct is shown in Fig. 1(a). Different configurations of 20° angled square rib
roughness (Fig. 1-b) used in experimental investigation is shown in Table 1. The main components of the flow system are a
blower, wooden rectangular duct, electric heater, G.I pipe, control valves, orifice plate, U-tube manometer, Micro Manometer
(MM), variable transformer, voltmeter, ammeter, thermocouples and mili-voltmeter. Air at room temperature enters a
rectangular duct (Width W¼0.1 m, Height H¼0.02 m, Aspect ratio W/H¼5, Hydraulic diameter, D¼0.033 m) because of
open circuit suction type high pressure blower. The rectangular duct consists of an entry section ¼0.245 m, test
section¼0.280 m, exit section¼0.115 m, which was taken as per ASHRAE standards 93-77 [13] and previously used byFig. 1. (a) Schema-tic representation of experimental set up (b) Arrangement of angled square rib on absorber plate.
Table 1
Different configurations of 20° angled square rib roughness used in experimental investigation.
Roughness Configuration Hydraulic diameter of duct
D (mm)
Rib height e
(mm)
Relative roughness height,
e/D
Rib pitch P
(mm)
Relative roughness pitch,
P/e
Type-a 33.333 1.4 0.042 10 7.143
Type-b 15 10.714
Type-c 20 14.286
Type-d 25 17.857
Fig. 2. Variation of thermo-hydraulic performance parameter with Reynolds number for various chamfer angles (experimental results) [9].
V.B. Gawande et al. / Case Studies in Thermal Engineering 8 (2016) 19–3122Tanda [14]. A thin heater plate (0.1 m wide and 0.280 m long) was fabricated by combining series and parallel loops of
heating wire on an asbestos sheet and placed over 0.5 mm thick stainless steel plate which acts as an absorber plate. In
order to get uniform radiation between the electric heater and absorber plate, 1 mm thickness mica sheet was placed over
the electric heater wire. A uniform heat flux of 1000 W/m2 was maintained using variable transformer. The mass flow rate
was evaluated using a calibrated orifice meter connected with U –tube manometer. An orifice plate was designed for flow
measurement in 80 mm diameter pipe. A Micro Manometer (least count of 0.01 mm) was used to measure the pressure drop
across the test section. The plate temperature was measured using 10 copper constantan thermocouples (k-type and ϕ
0.3 mm diameter) provided over the plate and 6 thermocouples were used to measure temperature inside the duct. To
measure the output of the thermocouples, a mili-voltmeter was used. A glass wool was used as an insulator to reduce the
heat losses from 6 mm thick wooden panel. During operation of solar air heater, mass flow rate in the duct was adjusted
using control valve. Six values of mass flow rate were maintained to cover the entire range of Reynolds number. The
parameters like (i) Pressure drop across orifice plate (ΔP0),(ii) Inlet air temperature (Ti), (iii) Outlet air temperature (T0), (iv)
Temperature of the plate (Tp) and (v) Pressure drop across the test section (ΔPd) measured during the experimental in-
vestigation are used to investigate Nusselt number, friction factor and thermo-hydraulic performance parameter (THPP).3. Results and discussion
Fig. 2 shows the variation of thermo-hydraulic performance parameter with a Reynolds number, for various angles using
experimental results [9]. It has been observed that the square rib with angle of 20° provides higher thermo-hydraulic
performance and hence used in the present paper for further thermal analysis.
Fig. 3 shows the variation of thermo-hydraulic performance parameter with a Reynolds number of different values of
relative roughness pitch at constant relative roughness height and angle of 20°. This angled square rib provides maximum
thermo-hydraulic performance parameter of 2.047, at relative roughness pitch (P/e) of 7.143, e/D¼0.042 and Reynolds
number (Re) of 15,000 for the range of geometrical and operating parameters.
Fig. 3. Variation of thermo-hydraulic performance parameter with Reynolds number, for different values of relative roughness pitch at constant relative
roughness height and chamfer angle of 20° (experimental results).
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In the present analysis, since the authors have focused on the specific angled square rib for predicting thermo hydraulic
performance of a solar air heater, it has been observed that average Nusselt number (Nu) and friction factor (f) are strong
functions of flow and roughness geometry parameters. In the present analysis, these parameters are the Reynolds number
(Re) and relative roughness pitch (P/e). A regression analysis of the experimental data has been done to develop a statistical
correlation for the Nusselt number. The final correlation for Nu can be written as:
= ( ) ( )−Nu Re P e0.0943 / 10.8248 0.3022
A similar procedure has been adopted to develop a statistical correlation for friction factor on the basis of regression
analysis of data obtained from the experimental investigations. The final statistical correlation resulted for friction factor on
the basis of regression analysis has the form of,
= ( ) ( )− −f 0. Re P e653 / 20 0.2883 .2087
3.2. Analytical approach for roughened solar air heater
The co-author of this paper, Chamoli et al. [15] have presented the mathematical procedure for the evaluation of thermal
performance of roughened solar air heater which is described below. The rate of useful gain, by air flowing through the duct
of solar air heater can be evaluated in terms of mean plate temperature by using the following equations,
τα= [ ( ) − ( − )] ( )Q A I U T T 3u p L P a
Rate of useful energy gain, by air owing through the duct of solar air heater can also be evaluated by using the following
Hottel-Whillier-Bliss equation
τα= [ ( ) − ( − )] ( )Q A F I U T T 4u p R L i a
Thermal efficiency and heat removal factor can be written as,
η τα= = [( ) − ( − )]
( )
Q
I A
F U
T T
I. 5th
u
p
R L
i a
= = [ − ( )]
( )
•
•F
mC
U A
U A F
mC.
1 exp
6
R
p
L p
L p p
p
.
Thermal efficiency can be written in terms of outlet fluid temperature as,
η τα= [( ) − { − }] ( )F U
T T
I 7th L
i
0
0
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Useful energy gain is evaluated using the equations,
= ( − ) ( )
•
Q mC T T 9u p o i
Based on Eq. (5), thermal efficiency can be evaluated as,
η =
( − )
( )
•
mC T T
I A. 10th
p o i
p
Thermo hydraulic performance of solar air heater is evaluated on the basis of effective efficiency and is written as,
η =
−
( )
Q
I A. 11eff
u
P
C
p
m
Where Pm is the mechanical energy consumption for propelling the air through the duct and can be evaluated by the
following equation,
ρ
=
•Δ
( )
P
m P
12m
Factor ‘C’ is the conversion factor to convert mechanical energy and can be written as
η η η η= ( )C 13Th Tr m f
Pressure drop across the duct can be evacuated using the following relationship,
ρΔ = ( )P
fLV
D
4
2 14
2
3.3. Mathematical model and MATLAB code formation to evaluate efficiencies
The geometrical and operating parameters considered for the evaluation of thermo hydraulic performance of the
roughened solar air heater are given in Table 2.
In order to determine the thermal efficiency from the Eq. (7), the value of UL and Fo can be evaluated as follows,
The overall heat loss coefficient is the sum of top, bottom and edge loss coefficients and written as,
= + + ( )U U U U 15L t b e
The Ub - bottom loss coefficient is given below,Table 2
Geometry and operating parameters for system.
Parameters Value/range
Geometrical parameters Variable Collector width (W), m 0.1–0.6
Number of glass covers (N) 1–3
Fixed Collector length (L),m 0.64
Transmittance-absorptance (τα) 0.8
Emittance of glass (εg) 0.88
Emittance of plate (εp) 0.9
Thickness of glass cover (tg), m 0.004
Thickness of insulation (tt), m 0.05
Thermal conductivity of insulation (Ki), W/m-K 0.037
Relative roughness pitch (P/e) 7.14
Relative roughness height (e/D) 0.042
Rib height (e), m 0.0014
Operating parameters Fixed Ambient temperature (Ta), K 300
Variable Temperature rise parameter (ΔT/I), m2 K/W 0.002–0.025
Wind velocity (Vw), m/s 1–10
Insulation (I), W/m2 500–1000
Fig. 4. Flow chart for MATLAB code.
Fig. 5. Thermal efficiency comparison of roughened and smooth duct solar air heater for constant heat flux/Insolation (I) of 1000 W/m2.
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The Ue - edge loss coefficient is given below,
= ( + ) × ×
× × ( )
U
W L L k
W L t 17e
i
e
1
The value of the top loss coefficient, Ut, is computed by assuming the value of plate temperature and using the equation
proposed by Kline [16].
σ
ε ε
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+ ] + [
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= [ − × + × ]( + × )
h V
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The initial approximation of mean plate temperature to compute top loss coefficient is considered as,
= − + ( )
°T
T T
2
10 C 19p
i0
Where
= + Δ ( )T T T 20i0
Rise in temperature of air is calculated as,
Δ = Δ ( )T
T
I 21
Useful energy gain (Qu1) is calculated by using Eq. (3) as,
τα= [ ( ) − ( − )] ( )Q A I U T T 22u p L p a1
To verify the value of useful energy gain calculated in Eq. (22): it is computed using equation as,
τα= [ ( ) − ( − )] ( )Q A F I U T T 23u p L i2 0 0
The collector efficiency factor (Fp) and heat removal factor (Fo) are determined asFig. 6. Variation of thermal efficiency of the roughened solar air heater with wind velocity for constant heat flux/ solar Insolation (I) of 1000 W/m2.
Fig. 7. Variation of thermal efficiency of roughened solar air heater as a function of temperature rise parameter for different values of solar Insolation
(I¼1000 W/m2).
Fig. 8. Variation of thermal and effective efficiency with flow rate for fixed value of insolation (I¼1000 W/m2).
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N K
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The Nusselt number is calculated using the correlation developed in Eq. (1) from experimental results, as given below,
= ( ) ( )−P eNu 0 Re. 0943 / 270 0.8248 .3022
If the difference between Qu1 and Qu2 is found to be more than 0.1% of Qu1, then a new value of mean plate temperature
was computed using the following correlations as,
Fig. 9. Variation of effective efficiency of the roughened solar air heater with wind velocity for a fixed value of insolation, I¼1000 W/m2.
Fig. 10. Variation of effective efficiency of the roughened solar air heater with duct width for a fixed value of insolation, I¼1000 W/m2.
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The above steps are repeated till the difference between Qu1 and Qu2 is in the desired range. The friction factor is
calculated using the correlations developed in Eq. (2) using the experimental results and is given below,
= ( ) ( )− −f 0 Re P e. 653 / 290 0.2883 .2087
The thermal efficiency is calculated from useful heat gain Qu, the average Qu1 and Qu2, and defined as,
η =
× ( )
Q
I A 30th
u
p
The effective efficiency is calculated from Eq. (11). The calculations are repeated for the next set of operating parameters
given in Table 1. The flow chart of the mathematical model used in MATLAB code is demonstrated below in Fig. 4.
Fig. 11. Variation of effective efficiency of the roughened solar air heater with a number of glass covers for a fixed value of insolation, I¼1000 W/m2.
Fig. 12. Variation of effective efficiency of the roughened solar air heater with different values of insolation, I¼1000 W/m2.
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The MATLAB code is run for the various range of operating and geometrical parameters and various results are plotted
which are discussed here. The variation of thermal efficiency of roughened and smooth duct solar air heaters as a function of
flow rates is plotted in Fig. 5. It is observed that the thermal efficiency increases with the increase in flow rates. This is due to
reason that the increasing flow rate, the rate of heat transfer increases and hence enhancement in thermal efficiency is
noted. After a certain increase in flow rate, the temperature difference in the fluid is nearly become same and thus there is
no more increase in heat transfer occurred in the system and hence thermal efficiency starts saturating.
The other major observation from figure is that, for the entire range of flow rates, the thermal efficiency of the roughened
solar air heater is higher as compared to smooth duct. This is due to the insertion of artificial roughness in the form of the
angled square rib on the underside of the absorber plate. The presence of rib increases turbulent kinetic energy and thus
turbulent intensity in the system which in turn increases the rate of heat transfer.
The variation of thermal efficiency of the roughened solar air heater with wind velocity for constant values of insolation
is shown in Fig. 6. It is noted that the thermal efficiency of the roughened solar air heater decreases with an increase in wind
velocity from 1 m/s to 10 m/s. The reason behind this decrease is that with an increase in wind velocity the heat transfer
coefficient of the wind increases, which is responsible for the reduction of useful heat gain.
Variation of thermal efficiency of the roughened solar air heater as a function of temperature rise parameter for different
Fig. 13. Comparison of effective efficiency vs. Reynolds number for roughened and smooth air heaters.
V.B. Gawande et al. / Case Studies in Thermal Engineering 8 (2016) 19–3130values of solar Insolation (I¼1000 W/m2) is shown in Fig. 7. The figure shows that thermal efficiency decreases with an
increase in the temperature rise parameter for all values of solar insolation. Thermal efficiency increases with the increase in
solar insolation value and is maximum for 1000 W/m2 due to increase in useful heat gain. The value of useful heat gain
decreases with decrease in solar insolation value and hence thermal efficiency also reduces as shown in Fig. 7.
Fig. 8 shows a variation of thermal and effective efficiency for constant values of solar insolation for varying mass flow
rate. It has been observed that for a fixed value of solar insolation, thermal efficiency increases with the increase in mass
flow rate while effective efficiency decreases. At high flow rate, there is an increase in pumping power requirements and
hence there is a reduction in effective efficiency.
Variation of effective efficiency of the roughened solar air heater with wind velocity for a fixed value of insolation is
shown in Fig. 9. It has been found that the effective efficiency starts to increase with an increase in the temperature rise
parameter and attained a maximum value and then starts to decrease for further increase in the temperature rise parameter.
This happens due to reason that with an increase in the temperature rise parameter there is also an increase in corre-
sponding pumping power requirements in the system to propel the air and hence there is a reduction in useful heat gain
and thus the effective efficiency starts to decrease at higher temperature rise parameter values.
Another main observation from the Fig. 9, is that the effective efficiency shows maximum value for wind velocity of 1 m/s
and the lowest for 10 m/s. This is due to reason that, the increase in velocity increases the convective heat transfer coef-
ficient of air, which reduces the useful heat gain by increasing the top losses which in turn affects the increase in effective
efficiency for the rise in velocity in the solar air heater.
Variation of effective efficiency of the roughened solar air heater as a function of temperature rise parameter for different
values of duct width and for a fixed value of solar insolation is shown in Fig. 10. It has been observed that as the duct width
increases from 0.1 to 0.6, an increase in effective efficiency of the roughened solar air heater is noted. The high effective
efficiency is obtained at a higher duct width of 0.6 m. The effective efficiency attains a maximum value and then decreases
for further increase in the temperature rise parameter.
The variation of effective efficiency with a number of glass covers is shown in Fig. 11. The figure shows that as the
number of glass cover increases, an increase in effective efficiency is also noted along with the increase in the number of
glass covers. The increase in glass covers reduces the top losses with the surroundings which increases the useful heat gain
and thus the effective efficiency. The percentage increase from the single glass cover to second and third glass cover is in the
range of approximately 8% and 12% respectively.
The variation of effective efficiency as a function of temperature rise parameter for different values of solar insolation
values is shown in Fig. 12. It has been observed that the effective efficiency attains a maximum value and then decreases
with further increase in temperature rise parameter.
Fig. 13 is plotted to compare the effective efficiency of solar air heaters having different roughness geometries viz.
expanded metal mesh [16], V-shaped rib [17], wedged shaped rib [18] and small diameter protrusion wire [19]. Relative
roughness height (e/D) is considered as an important parameter of the roughness element for the calculation of effective
efficiency. The comparison graph is plotted with relative roughness height of 0.04. The figure shows that effective efficiency
tends to increase with the increase in Reynolds number for some interval and then again decreases for higher Reynolds
number. This happens due to the dominance of the mechanical power which is required to overcome the frictional forces in
the duct. It is observed that the effective efficiency corresponding to the higher values of roughness height is better in the
lower range of Reynolds number, however the value of effective efficiency is reversed in the higher range of Reynolds
12
3
4
5
6
7
V.B. Gawande et al. / Case Studies in Thermal Engineering 8 (2016) 19–31 31number. This happens due to fact that at lower Reynolds number, the increase in the friction losses in the duct is insig-
nificant with increase in relative roughness height, while the increase in heat transfer from roughened surface is quite
substantial due to increase of turbulence in the vicinity of roughened surface. The results obtained from present simulation
are in good agreement with the pattern followed by the previously available results.4. Conclusions
Experimental analysis of two dimensional computational domain of solar air heater with angled square ribs of 20°
chamfer angle fitted on underside of absorber plate is simulated at varying relative roughness pitch, Reynolds number and
at constant relative roughness height. The following are the important out comings of the present experimental analysis –
) The experimental analysis of angled square rib with chamfer angle varying from α¼0°–40° was conducted. The angled
square rib with 20° chamfer angle was found to provide better thermo hydraulic performance and hence selected for
further thermal analysis.
) Among all cases investigated, better Thermo Hydraulic Performance Parameter (THPP) which indicates the optimum rib
configuration with maximum heat transfer enhancement and minimum pumping power with square rib of 20° chamfer
angle has been obtained as 2.047 at relative roughness pitch of 7.143, relative roughness height of 0.042 and a Reynolds
number of 15,000.
) Statistical correlations presented for Nusselt number and friction factor could be used to generate a Nusselt number and
friction factor with reasonable accuracy.
) The simulation of MATLAB code shows that the thermal efficiency tends to diminish with the increase in the temperature
rise parameter. Variation in thermal efficiency with different values of solar insolation shows the maximum value for the
higher value of solar insolation.
) Thermal efficiency increases with the increase in mass flow rate while the effective efficiency decreases with an increase
in flow rates.
) Effective efficiency attains a maximum value for variation of temperature rise parameter for different values of velocity
and then decreases for further increase in velocity.
) Higher value of effective efficiency is obtained for higher values of duct width and for higher number of glass covers and
also for high values of solar insolation.References
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